When parents are brought before the courts accused of causing their children serious injury it is imperative that a strictly medical cause for the injuries should not be overlooked. Unfortunately the adversarial nature of court proceedings often leads those involved, quite understandably, to give a higher priority to winning the case than to discovering the truth. However in child care proceedings finding the truth is often more important than winning the case as it is as much a disaster for a child to be wrongly removed from the care of loving parents as it is to return a child to guilty parents who might further injure or kill him.
In recent years it has been increasingly common to hear the defence that the child's injuries were the result of copper deficiency. As copper deficiency does cause bone disease and may present in the first two years with fractures it is essential that the diagnosis is considered and the appropriate tests are performed at the time that the child first presents with his or her injuries. If this is done, then a case of copper deficiency is not likely to be missed, and a defence of copper deficiency will not prevail merely for lack of evidence to the contrary. The purpose of this paper is to draw attention to the existence of copper deficiency in infants and to review what is known about it, so that the diagnosis will not be overlooked.
Biochemical background'
In 1928 Hart et 
*The incidence of fractures is for the whole group, and the incidence of other changes is for the group in whom the results of x rays were reported. Note that some infants had more than one fracture.
group.bmj.com on November 6, 2017 -Published by http://adc.bmj.com/ Downloaded from reticulocyte response to iron treatment showed that iron deficiency did coexist with the copper deficiency. The median plasma iron concentration in the full term infants was 20 [ig/dl (range 4-114) and in the low birthweight infants was 16 ,ug/dl (range 10-78). The higher median haemoglobin concentration in the low birthweight infants was probably attributable to the fact that they were transfused.
NEUTROPENIA
A neutropenia of less than 1-Ox109/l was found in 84% of the infants in whom the results of a white blood cell count were reported (n= 25)5-7 9 10-16 18 20 [24] [25] [26] [27] and all these infants had a neutrophil count less than 2-0x 109/l. There were no differences between the low birthweight infants and the full term infants. The median neutrophil count was 0*376x109/l (range 0-049-1.9). As The most important thing to keep in mind is that both a fracture and a subperiosteal haemorrhage are evidence that a force has been applied to a bone, but unless the magnitude of the force is known (and this is sometimes in dispute), their presence gives no information as to the strength of the bone, so they cannot be used as evidence for the presence or absence of copper deficiency. They are neutral in that respect. Evidence for the presence of bone disease must be sought elsewhere.
Low birthweight infants, because they have small slender bones and experience difficulty in absorbing and retaining bone mineral at a rate that is comparable with the in utero accumulation rate, have a higher incidence of osteoporosis and fractures than full term infants even in the absence of copper deficiency.
The features that should alert one to the diagnosis of copper deficiency are the cupping and fraying of the metaphysis of the long bones, and the sickle shaped metaphyseal spurs, which sometimes fracture, and seem to be very characteristic of copper deficiency. The best photographs of these appearances are to be found in the paper by Grunebaum et al.14 As copper deficiency is a metabolic bone disease it will affect the entire skeleton in a symmetrical manner, being particularly evident in the most rapidly growing bone ends, namely the wrists and the knees. The proximal ends of the femora and humeri are also affected as are the costochondral junctions, which may enlarge. The bone age seems frequently to be retarded.' The findings on x ray examination may be confused with those of scurvy or rickets but the help of an experienced radiologist and the characteristic biochemistry and haematology should make the diagnosis fairly straight forward. The age at diagnosis in full term infants with fractures ranged from 6-5 to 60 months (median 9 months) whereas the age at diagnosis in the low birthweight infants with fractures ranged from 2-2 to 7-0 months (median 2-8 months). Therefore 
Copper deficiency and non-accidental injury
Copper deficiency should be considered in the differential diagnosis of bone fractures in young infants. Once copper deficiency has been proposed it cannot be refuted as a cause with complete certainty unless there are detailed radiographs of the whole skeleton, measurements of plasma copper, caeruloplasmin, haemoglobin and differential white cell count, and possibly bone marrow. The presence of a predisposing cause, the characteristic age at onset, and a response to treatment add to the security of the diagnosis. However it is possible, in the absence of specific diagnostic tests, to determine the probability that a correct diagnosis has been made.
If the patient is a full term infant, under 5 months of age, who has been breast fed, or has received a milk with a copper concentration of 40 [ig/dl or more then the diagnosis is unlikely. Such a case has never been described. The absence of the predisposing conditions mentioned above (prematurity, preceding malnutrition, a deficient copper intake, malabsorption) make the diagnosis even more unlikely. If the copper deficiency is sufficiently severe to cause fractures then some of the other clinical features (for example, skin rash, hypotonia, psychomotor retardation, or hypopigmentation) are likely to be present, together with anaemia, neutropenia, and a low plasma copper concentration.
Neither skull fractures nor cerebral haemorrhage have ever been described in infants with copper deficiency, and rib fractures have never been described in full term infants with copper deficiency. The presence of any of these points to another diagnosis. The demonstration of normal bones, and in particular wrists and knees, makes the diagnosis very unlikely. Obviously if the other features of copper deficiency (hypocupraemia, low caeruloplasmin, neutropenia, and sideroblastic anaemia) are absent then the diagnosis can be confidently ruled out.
